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ABSTRACT
A signiticanl <leclim" ill Autarctic total colmnn ozone and
ul)t)er air telnperatures 1 has been o[)served in recent years.
lem'thermorv, high correlations between monthly mean ral-
lies of OZOIIU ;lllI[ stratosp]wric tellli)erature [lave beell
measured above Syowa, Antar(tica 2. For the observations
reported here, data fl'Olll T()MS (Total Ozone Mapping
Si)ectrolnetel ) aboard the Nimbus 7 satdlite, have been
used to exanlitw file 1980 to 1990 decrease in total cohunn
ozone al)()','e lhc ,'qouth Afiican Antarctic base of SANAE
(7(VlS' S, 2"21' W). The cooling of the Antarctic strato-
Sldlere al,ove SANAE during this period has been inves-
tigah.d by examining upper air teml)eratures at the 150,
100, 70, 50 and 30 hPa levels obtained from dMly ra-
diosoluLe I)alh)on laum'h('s. Furthermore, these two data
sets hay(, b_.(._L us(,d Io examine long term, medium-term
illl(I shill't-telIll ,'orr,.lali.l> I)ctwcell total cdunlll (IZI)II(!
awl the t.e/nperalures al each of the five levels. The trend
in SANAE I_,laJ it)Ill[fill (.)ZOli(' h.hs been found to I)e 4.9
l)(l/yeal, whih' upt,cl all temperatures have been found
|o ,h'<rease al atouu,l 0.4"(:/year. An analysis of monthly
average SAN:\['; t,,lal column ozone, has shown the de-
crcas(' It, b(' _nost severe duIing the month of Set)temhet
with a trend of 7.7 1)l:/w!ar. A strong correlation (r 2
= 0.!121 has I)ecn fouiJ,I I)('tw('('n yearly average total col-
umn oz(me alul _.emln'rat.urc at the 100 hI)a lewq. Daily
uZollC and tellll)cl;tlllrc correlations show high values frolll
Scpt(,mhcr 1() Nov(,mln'r, at a time wrJ_)[_ lhe polar vortex
i_ I,rcal.:in.e, ,I,,wn.
INTRODU CTION
A si_niti('an( ,leclin(' in Antarctic total co]utlln ozone and
Ul)p('r air tellll)eratllres I [las lleell observed in recent years.
l"urlhcrmore, high ('orrelalions between ulonthly mean va[-
u(,s of ozone and stratosp[wric temperature have been
lu('asure(l all<lye _qyl)wa, :\lllarcti(a 2. For the ol)serva-
lions reln)r((',l h('r(', ozon(' ,lata wer(' ol)tain(d frolil T()MS
(Total ()zorn' Mapping Sl)e('tron_eter) ah()ard the sun
Syll('hrollOllS ._ilnlm_; 7 sat,(qlit(!. This experituellt ])ro-
rides, on a daily basis, tim global distrilmtion of total
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cohunn ozone. For each day in the period 1980 to 1990,
total colulnn ozone data have been extracted fi'om this
data set for the South African Antarctic base of SANAE
(70018 , S, 2°21 , W). Version 6 TOMS data have been used
for each year except 1989 where version 5 data have been
used. However, an algorithm based on comt)arisons be-
tween version 5 and version 6 TOMS data in 1987 and
1988, has been used to normalise the 1989 data with re-
st)ect to the other years t)f data. Monthly averages of
these daily values haw' been used t.o investigate the de-
crease in SANAE total cohllllll ozone ovel" this period alia
tile months fi)r which this decrease has been most severe.
Yearly averages have been used to quantify tile general
long-term decline in SANAE total column ozone.
The cooling of the Antarctic stratosphere above SANAE
during this period has been investigated by examining
upt)er air temperatures at the 150, 100, 70, 50 and 30
hl)a levels ol)tained froul the midnight radiosonde bal-
loon launches performed I)y the South African Weather
['_ I 1l'eau.
Furthermore (laily correlations between SANAE total col
uIllll OZOlle and upper air temperatures have been inw, s-
tigated. Daily correlation coefficients at the 15(I, 100, 70
and 50 hPa levels, in a 31 rumfing win(low, have been
computed for each (lay' of 1980 to 1990.
OBSERVATIONS AND DISCUSSION
Monthly average SANAI!; upper air temperatures
Monthly averages of daily upper air tenq)eratures, at 15(I,
100, 70, 50 and 30 hPa, have been calculated for each
year from 1980 to 1990. Figure 1 shows the data for the
150 hPa level. Only the even numbered years |lave been
shown for clarity. Monthly average 150 hPa temperatures
during January, February and March, appear to have de-
creased over the 11 year period, with a mhfimum during
the years 198,1 to 1986. During tile winter months of June
to Sel)tember, it decrea.se in leml)el'ature from 1980 to
1990 is notic('al)le. The h)ng-ternl cooling observed dur-
ing November and December over tile 11 year period, is
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MONTHLY AVERAGE 150 hPa
TEMPERATURE: SANAE 1980 TO 1990
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l:ig,m, 1: Monthly average SANAE 150 hPa temperatures: 1980 to 1990
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1982
..... 1984
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1988
1990
interrupted hy an unusually high monthly average tem-
peratures in 1!)88 where all e_lrly final warming oct ,arl'e,l.
[t has been r_t_orted :_ tll_Lt the Antarctic atmOSldlere in
1988 was strongly l>erturl.'d by planetary wave activity
result(rig in an early circutnl)lnar vortex I>l'eal,:down.
The data _et shown ill Figure 1 together with sitnil_u" d+da
sets for the other lewqs, have been used to determilie litl
ear trends in the monthly m,,er,'_ge tetnpera.tures for each
mot(tit at each height. Statistically signifie+tnt results in-
dicate that m_mthly avera£e telllpera.ttlre.'-, ]l_o/e d(,creased
I)_,' between 0 attd 0.6 °(: .Vent from 150 to .50 ]lPa <hirin£
the |irst 7 nloiiths of tit(. yt,_tl +, and by t_etween (I.6 and l.(I
°(_l.Yeltr fronl 1rl[) I.o 70 hi'a during ])eceinller.
Monthl}: _tvera£e SA,NAI +] iot,al <'ohinm tJzone
Figure 7 shows till! lnoutllly average SANAE total cohului
t)Zolle [rtJllt J_)_0 to 1990. Again, (till 5' evell lllllll})eled
years have lit,eli sltt)Wlt for clarity. No el+tilt +(re awtilahle
for ,]utie sitl,e SANAE is ill tile pttlar night during tilis
lnOllth aild T()M_ I'alt ni,_tk( • I/O n/eaSlll'iqlielltS. _'iglll'('
'2 shows a cle/tr decline lit nlont, illy avel-a_e SANA[+; filial
OZOIle. The high va.iues set'll early in the peri<,d :lrl' ai_senl
in later yea, rs. AttentitJn is lirawli l,o the high total ct_hiinn
t)Zt)li(' (turhl_ I,}ll, ]a<,l f()llt ititiiil lls of I!)N";. "l'hi+ (,)il<,]+ttt,c
well with thl' liliU:.uallv lii?}i l,.liilJ,.taluiq,.. <,l,+,'t\_,,t (lilt
itig tit(' Sktlll(. i)<,i'i()(l as _('t'l, it_ l"i_,tr,' I. X,,I,, i. I,'i_,,,, 2
th(. v(.ry h>w valu(,s _)1 l)(,l<,_ 7,]1J I)1' ul)svrx<.(I iu _g,,l)l(.tti
I)(.r an(I ()('toiJt>r in I'(.('1,Ii1 vt'al+, l+im'ar t I('l+(]+ in ili()lll i,l_
++v('rag(' BANAl +] tt,tal <()liiliin tJztJll(' +h(,w thai thv I()n,_,,
(('rill (tOFl'(_{l_-,l' has I)('('n lllOl't' J)l'(Hl_ilill(t'lt ill Ill(' pt,st
'¢¢hii,er lllOlitlp,, with a ll/axhilltlli llulilt <,l' T.7 l)l'tye;\l ilt
_el>l, etni>('r. This c<>nll>al'l.s with a '.'alu<, td'-2.1 t)l'tw,al
over the .Ja.iillal'V liiiHilh<_.
"l'(';irly ;tVer;-tf.4e SANAt'_ t_,l;tl c(,]ulni_
(JZl)ll(! alld ll])]l('l' ah' l,('l/l]_t'l'a[ I lI_'N
Figlli'e :] slimvs ihr 5"('atl)avi.ra:/_, S.\N.\l{ 1,'l]lli,qal Ill,",
at i, he .511, 7IL ltlll at.I I.Dti hl'a h'_<'l_ tu£_'lh_>t xxilh I1..
yearly ,:tVOl',:t_I' SAN,\I'; tl_lii] <t_lltlitli (iX<lilt'. "l'lt_ + ;Ill lil'a
l<,vel wa._ ex_ I.,h+d siu<<, ..t<h <,f th,,+,, data w_.i, , .,i+_h,,_
and ititerpolal, i(m rl'_ultl,<{ in Illlit'ali<,lil'ail). ' ]lJt_:h ',ahit'_,
[;i£1ire ;I sliow._ a \'('1"_ _l_tl+l i(llle]alit_li lH'f\v<'['li Veali\
D/_'l!I-il<_,l! l,lJla] i (llUllilt IJ/t)lll, arid iltlll_,l ah l_,lllplq al iil(,b> _t _,
delliotistralell I_:,' till' <JZtlltt' alid l('II)l>l'tal IIFI' <tlll_'i;Itit,li
coefficient.s (r value>) li_l,',t I.'h,w:
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MONTHLY AVERAGE TOTAL COLUMN
OZONE: SANAE 1980 TO 1990
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I"i£ur+' '2: Monthly average SANAE total column ozone: 1980 to 1990
1980
1982
...... 1984
1986
1988
1990
_1) hl', : ().sl)
7() hl)a : l).x!)
l(IH hl'a : I).9(i
151) hl'a : O.f):)
Th(' hi£hest ,,zon(' an<l teIIH)('rat.ure corr(.lation is a('hiev+'d
at lh(' t0()hl'a h'v('l, l"uilh('rnlure, lin(.ar fits to (,actl of
lhe <'m'v('s sh,)w)L h, l"i<urc :_ r(.v(,al the ft)lh)win_ tren<Is:
51) hl)a : I).:i3 "(:/y('ar
T() hl'a : ()+'2!) "(I/y(,al
10() hl'a : -{).31 "(:/year
17)() hP, : l).2(i"(!/y('ar
()z_,m': 1.!) l)l:/ycar
Thi'_ a))alysis su_.,4('sts that lh(' t))'-" lerm (h,('rvase in to
l_tl (HlllIllil (.)/,,if(' ()v(,l S.\N,\I': b, ,h,s,'ly f,,lh,w('d hv a
d,'cr,'as(' in Ul)l)('t ail t,.li_l,.t;dulcs i,clw('('I* t.")0 awl ")I)
hl',.
I)ailv t_>lal <*,hHm, ,)z,m(' atHl
Ul)l)cr _t]l" l('tttl)el';t(lll'(' ('t)ll('l+tti()llS
('ott'(,lalion c()(.lli('hmls hay(, he('n ct)mlmted })etween pro-
iit('s ()f SANAI': to'tat co}itltln I)Zon(' and temperatures at,
the 150, 10It 70, 7)I) an(l 30 hl'a levels for each (lay, of
tire period 1980 t.t) 19fl0. A sliding v,,hHiow of v,,hlt}l 2)I
days, sets Lit(' hm£th ()f th(, profiles examined an(l results
in I correlath)n coelli('h'nl for each level per day. Fig-
ure 4 gives all example of the daily ozone arm teml)('ra-
ture correlation coMlicients for 1991). It can be seen that
the best ozon,' and telnl)('ralm'e correlations are generally
observed at the l(10 hl)a Level between day 271) an(l 310
wllere r 2 valu,,s (,xcet'd (}+7. Tile results frunl all years iudi
(:ate that the hig}ivst oz_me and lellll)et'itt.ltr(' c(_rrelati(ms
are ohserved at the It)0 hl'a h'vel around the month of
Novend)er t)l" ,,ach year. ('(,rr(,lation coelli('iems ()" valu('s)
in exc<'ss of ().!)5 are rea('ht'd (m oc<'asit)n. Qualitatively it
apl)ears that t.he best correlations l)etweet+ total column
OZOtle and Ul>p('r air t('tltpel'_ltlll'eS_ }ire obtained during
the time of the vortex brea, kdown. However this requires
further investigation,
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Figure 3: Yearly average SANAE temperatures at the 50, 70, I00 and 150 hPa levels and
yearly average SANAE total column ozone: 1980 to 1990
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Figure 4: The 1990 daily total column ozone and 150, 100, 70, 50 and 30 hPa temperature
correlation coefficients for SANAE
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